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(57) ABSTRACT

Technologies are described herein for high-performance ras-
terization of a vector graphic on a server computer. A vector
graphic loader receives the vector graphic and generates an
intermediate data structure from the vector graphic. A vector
graphic renderer recerves the intermediate data structure and
renders the intermediate data structure to a render surface. An
imaging component encodes the contents of the render sur-
face to a raster image 1n a standard image format. The vector
graphic loader and the vector graphic renderer are configured
for multi-threaded and multi-processor execution on a server
computer, which provides high performance.
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SERVER-BASED RASTERIZATION OF
VECTOR GRAPHICS

BACKGROUND

There currently exist two distinct data types utilized to
generate and represent images and other graphical objects on
computing systems. These data types are typically referred to
as “vector” and “‘raster” graphics. Raster graphics, also
referred to as “bitmap” graphics, consist of a sequence of data
representing a generally rectangular grid of picture elements,
called “pixels.” Raster graphics generally correspond pixel-
for-pixel with a displayed or printed representation of the
content. Because raster graphics are discrete, they generally
do not scale well.

Vector graphics, on the other hand, are represented by
description, rather than by listing a value for each pixel 1n a
graphic. Any geometric shape can be represented as a vector
graphic, and any arbitrary shape may be represented by a
combination of such geometric shapes, and hence as a vector
graphic. For instance, a straight-line segment may be
described as a vector graphic by describing its two endpoints,
or by its slope, length, and origin. Likewise, a circle could be
described in vector representation by describing its radius and
center point. Accordingly, vector graphics are sometimes
referred to as “geometric” data, since they define objects by
description rather than as a sequence of pixels. Because vec-
tor graphics are continuous, they tend to scale very well.

In order for a standard viewer application, like a World
Wide Web (“web”) browser to render a vector graphic, 1t 1s
generally necessary to utilize a special plug-in to display the
vector graphic. In many cases, a user may be unable to locate,
download, and 1nstall a compatible plug-in for rendering vec-
tor graphics. In other cases, a compatible version of the plug-
in may not be available for the type of device on which the
user wishes to view the vector graphic. For instance, a user
may wish to view a vector graphic on a personal digital
assistant (“PDA”) or a wireless mobile telephone for which a
version of the plug-in does not exist.

Most devices and standard viewer applications can, how-
ever, display a raster graphic without the need for a plug-in or
other additional software. As a result, vector graphics may be
rasterized to raster graphics for display on the widest variety
of devices without the use of a plug-1n. For instance, a server
computer may rasterize a vector graphic to a raster graphic for
display by a web browser without the use of a plug-in.

Traditional methods for rasterizing a vector graphic are,
however, generally unsuitable for use on a server computer.
This 1s typically due to the fact that previous methods for
converting a vector graphic to a raster graphic utilize software
components that are not designed to execute on multiple
threads and that incur performance penalties due to the use of
global and process-level locks. Once example of such com-
ponents are the Graphics Device Interface (“GDI”) and GDI+
components that are frequently utilized to rasterize vector

graphics on computing systems based upon the WINDOWS
family of operating systems from MICROSOFT CORPORA -

TION of Redmond, Wash.
It 1s with respect to these considerations and others that the
disclosure made herein 1s presented.

SUMMARY

Technologies are described herein for high-performance
rasterization of vector graphics on a server computer. In par-
ticular, through the utilization of the technologies and con-
cepts presented herein, vector graphics can be rasterized
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without the use of software components that are not opti-
mized for execution on multiple threads and that may utilize
performance-reducing global and process-level locks, such as
the GDI and GDI+ components. In this manner, vector graph-
ics can be rasterized on a server computer 1n a highly perfor-
mant and scalable fashion.

According to one aspect presented herein, a vector graphic
1s rasterized by first generating an intermediate data structure,
such as a visual tree, graph, or stack, from the vector graphic.
The intermediate data structure 1s a data structure utilized to
represent the component shapes within the vector graphic.
Once the intermediate data structure has been generated, 1t 1s
rendered to a render surface. In one implementation, the
render surface 1s an uncompressed, unencoded bitmap 1image.
The render surface 1s then encoded to a raster 1image. The
raster image may be 1n a standard image format, such as the
JPEG or portable network graphics (“PNG™) formats, which
can be displayed by a standard viewer application program
like a web browser without the use of a plug-in.

According to other aspects, a vector graphic loader is
executed to generate the intermediate data structure from the
vector graphic and a vector graphic renderer 1s executed to
render the intermediate data structure to the render surface.
The vector graphic loader and the vector graphic renderer are
highly threaded programs that are configured for multi-
threaded and multi-processor execution on a server computer,
which provides high performance. In one implementation,

the vector graphic 1s formatted using an extensible applica-
tion markup language (“XAML”), such as SILVERLIGHT

XAML from MICROSOFT CORPORATION. In this imple-
mentation, the vector graphic loader 1s a XAML loader con-
figured to generate the intermediate data structure from a
XAML vector graphic file and the vector graphic renderer 1s
a XAML graphic renderer.

According to additional aspects, a published drawing gen-
erated by a drawing program 1s stored at a server computer.
The published drawing includes a vector representation of the
drawing. When a request 1s recetved to view the published
drawing, such as from a web browser, the vector representa-
tion of the drawing 1s updated and then rasterized. In order to
rasterize the vector representation of the drawing, an inter-
mediate data structure 1s generated from the vector represen-
tation of the drawing, the intermediate data structure is ren-
dered to a render surface, and the render surface 1s encoded to
a rasterized drawing 1n a standard image format. The raster-
1zed drawing 1s returned 1n response to the request to view the
published drawing.

It should be appreciated that the above-described subject
matter may also be implemented as a computer-controlled
apparatus, a computer process, a computing system, or as an
article of manufacture such as a computer-readable medium.
These and various other features will be apparent from a
reading of the following Detailed Description and a review of
the associated drawings.

This Summary 1s provided to introduce a selection of con-
cepts 1n a simplified form that are further described below 1n
the Detailed Description. This Summary 1s not intended to
identily key features or essential features of the claimed sub-
ject matter, nor 1s 1t intended that this Summary be used to
limit the scope of the claimed subject matter. Furthermore,
the claimed subject matter 1s not limited to implementations
that solve any or all disadvantages noted 1n any part of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a combined network and software architecture
diagram showing aspects of an illustrative operating environ-
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ment and several software components provided by the
embodiments presented herein;

FIG. 2 1s a tlow diagram showing aspects of one embodi-
ment provided herein for publishing a drawing to a server
computer and rasterizing a vector representation of the draw-
ing on the server computer;

FIG. 3 1s a software architecture diagram showing aspects
ol a rasterizer provided in various embodiments presented
herein;

FI1G. 4 1s a flow diagram showing a routine that illustrates
aspects of the operation of the rasterizer provided 1n embodi-
ments herein; and

FIG. 5 1s a computer architecture diagram showing an
illustrative computer hardware and software architecture for a
computing system capable of implementing aspects of the
embodiments presented herein.

DETAILED DESCRIPTION

The following detailed description 1s directed to technolo-
gies for rasterizing vector graphics on a server computer.
Through the use of the technologies and concepts presented
herein, a drawing can be created on a client computer, pub-
lished to a server computer, and rasterized on the server
computer for display using a standard viewer application
program. The rasterization process described herein utilizes
highly threaded and multi-processor components, thereby
making the process scalable and highly performant when
executed on an approprately configured server computer.

While the subject matter described herein 1s presented in
the general context of program modules that execute 1n con-
junction with the execution of an operating system and appli-
cation programs on a computer system, those skilled in the art
will recognize that other implementations may be performed
in combination with other types of program modules. Gener-
ally, program modules include routines, programs, compo-
nents, data structures, and other types of structures that per-
form particular tasks or implement particular abstract data
types. Moreover, those skilled 1n the art will appreciate that
the subject matter described herein may be practiced with
other computer system configurations, including hand-held
devices, multiprocessor systems, microprocessor-based or
programmable consumer electronics, minicomputers, main-
frame computers, and the like.

In the following detailed description, references are made
to the accompanying drawings that form a part hereot, and
which are shown by way of 1llustration specific embodiments
or examples. Referring now to the drawings, in which like
numerals represent like elements through the several figures,
aspects of a computing system and methodology for recalcu-
lating vector graphics on a server computer will be described.

Turning now to FIG. 1, details will be provided regarding
an 1llustrative operating environment and several software
components provided by the embodiments presented herein.
In particular, FIG. 1 shows aspects of a system 100 that 1s
capable of server-based rasterization of a vector graphic. The
system 100 1includes a client computer 102 and a server com-
puter 104. The client computer 102 comprises a standard
desktop, laptop, or handheld computing system capable of
executing the drawing program 106 and a web browser 126.

The drawing program 106 comprises an executable appli-
cation program capable of creating a drawing 108. One
example of such a drawing program 1s the VISIO drawing
program from MICROSOFT CORPORATION. The drawing,
108 may include a multitude of visual elements laid out 1n
virtually 1n any format. In particular, the drawing 108 may
include one or more shapes 110. The shapes 110 may be
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bound to an external data source. For instance, various
attributes of the shapes 110, such as the color, size, position,
or orientation, may be linked to an external data source, such
as the database 112 provided by the database server 114. In
this manner, the visual appearance of the shapes 110 can be

driven by the data retrieved from the database 112. The draw-

ing program 106 may also provide functionality for binding
the attributes of the shapes 110 to other types of data sources
in addition to database 112. For instance, the attributes of the
shapes 110 may be bound to a spreadsheet, a list, or another
type of data source external to the drawing program 106.

The drawing program 106 may also provide functionality
for allowing a user to specily a formula that references an
external data source and indicates how the value of the exter-
nal data should be utilized to modify the attributes of the
shapes 110. For instance, a user may utilize the drawing
program 106 to specity a formula that changes the color of
one of the shapes 110 depending on the value retrieved from
the database 112. Other formulas may be defined that specily
how other types of attributes of the shapes 110 are to be
modified based upon the retrieved external data. The formulas
may include references to other formulas, data binding refer-
ences to data values stored in an external data source, and
functions.

In one embodiment presented herein, the drawing program
106 also provides functionality for publishing the drawing
108 to a server computer 104. In particular, a drawing 108
having one or more shapes 110 with attributes defined by a
formula that references external data may be published to the
server computer 104. In order to publish the drawing 108 to
the server computer 104, the drawing program 106 utilizes a
publishing module 116. In response to recerving a request to
publish the drawing 108 to the server computer 104, such as
from a user, the publishing module 106 1s executed.

The publishing module 116 i1s configured to generate a
published drawing 118 that 1s published to the server com-
puter 104. In order to generate the published drawing 118, the
publishing module 116 generates server-optimized formulas
124 for any formulas within the drawing 108 that reference
external data. The server-optimized formulas 124 are com-
pact formulas that are suitable for evaluation by the server
computer 104.

The publishing module 116 also generates a vector graphic
of the drawing 108, referred to herein as the vector represen-
tation 120 of the drawing 108. The vector representation 120
comprises a representation of the drawing 108 in a vector
graphics format. In one implementation, the vector represen-
tation 120 1s expressed utilizing the SILVERLIGHT exten-
sible application markup language (“XAML”) 1rom
MICROSOFT CORPORATION of Redmond, Wash. It
should be appreciated, however, that other types of languages
for describing vector graphics might also be utilized. For
instance, the Scalable Vector Graphics (“SV(G™) format may
be utilized 1n embodiments. As illustrated in FIG. 1, the
published drawing 118 also includes data connections and
bindings 122. The data connections and bindings 122 com-
prises data that identifies the connections or bindings between
shapes 110 contained in the drawing 108 and external data
sources, such as the database 112.

Once the publishing module 116 has generated the vector
representation 120 of the drawing 108, the data connections
and bindings 122, and the server-optimized formulas 124,
these 1tems are transmitted to the server computer 104 via a
communications network, such as the network 138. The
server computer 104 stores the published drawing 118 1n an
appropriate mass storage device.
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According to other aspects presented herein, the server
computer 104 may also receive and respond to requests from
a client computer 102 to view the published drawing 118.
Such a request may be received by a web server application
128 from a web browser 126 executing on the client computer
102. Although the web browser 126 has been 1llustrated 1n
FIG. 1 as executing on the same client computer 102 as the
drawing program 106, the web browser 126 may be utilized
on another client computer or other type of computing device
that does not have the drawing program 106 installed there-
upon.

In response to receiving a request to view the published
drawing 118, the server computer 104 executes a refresh
component 130. The refresh component 130 1s operative to
utilize the data connections and bindings 122 to obtain
updated values for externally referenced data. For instance, in
the example shown 1n FIG. 1, the refresh component 130
communicates with the database 112 to update the values for
attributes 1n the drawing 108 that reference the database 112.

Once updated values have been obtained, a recalculation
engine 132 i1s executed that evaluates the server-optimized
tormulas 124 with the updated values for the shape attributes
obtained by the refresh component 130. When the recalcula-
tion engine 132 has completed evaluating the server-opti-
mized formulas 124 to obtain the updated values for the
external data, the recalculation engine updates a portion of the
vector representation 120 of the drawing 108 to reflect the
updated values. For instance, attributes or other markup lan-
guage elements contained within the vector representation
120 may be replaced or modified to specily the updated value
for the attribute. It should be appreciated that refreshing the
values of externally referenced data and evaluating server-
optimized formulas 124 are completely optional operations.
The embodiments presented herein may be utilized to raster-
1ze a static vector representation of a drawing that does not
utilize formulas or reference external data sources.

Once the recalculation engine 132 has updated the vector
representation 120 of the drawing 108, a rasterizer 134 1s
executed to rasterize the vector representation 120 into a
raster image, referred to herein as the rasterized drawing 136.
In one implementation, the rasterized drawing 136 1s stored 1n
a standard image format, such as the portable network graph-
ics (“PNG”) image format, that may be displayed without the
assistance of a plug-in module by a standard viewer applica-
tion, such as the web browser 126. The rasterized drawing 136
1s returned to the web browser 126 in response to the original
request to view the published drawing 118 recerved at the
server computer 104. Additional details regarding the opera-
tion of the rasterizer 134 for rasterizing the vector represen-
tation 120 of the drawing 108 into a raster image are provided
below with respect to FIGS. 3-4.

Referring now to FI1G. 2, additional details will be provided
regarding the embodiments presented herein for rasterizing
vector graphics on a server computer 104. In particular, FIG.
2 1s a flow diagram showing a routine 200 that illustrates
aspects of the operation of the client computer 102 for pub-
lishing a drawing 108 to the server computer 104, and aspects
ol the operation of the server computer 104 for recalculating
and rasterizing the vector representation 120 of the drawing
108 1n one embodiment. It should be appreciated that the
logical operations described herein are implemented (1) as a
sequence of computer implemented acts or program modules
running on a computing system and/or (2) as mterconnected
machine logic circuits or circuit modules within the comput-
ing system. The implementation 1s a matter of choice depen-
dent on the performance and other requirements of the com-
puting system. Accordingly, the logical operations described
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6

herein are referred to variously as states operations, structural
devices, acts, or modules. These operations, structural
devices, acts and modules may be implemented 1n software,
in firmware, 1 special purpose digital logic, and any combi-
nation thereod. It should also be appreciated that more or
fewer operations may be performed than shown 1n the figures
and described herein. These operations may also be per-
formed 1n a different order than those described herein.

The routine 200 begins at operation 202, where the draw-
ing program 106 1s utilized to create a drawing 108 that
includes shapes 110 that have attributes bound to external
data or that includes attributes that are defined by a formula
that references external data. From operation 202, the routine
200 continues to operation 204, where the drawing program
106 determines whether a request has been recerved to pub-
lish the drawing 108 to the server computer 104. In the
absence of such a request, the routine 200 returns to operation
202, where the functionality for creating and editing the
drawing 108 1s continually provided. If a request 1s recerved
to publish the drawing 108 to the server computer 104, the
routine 200 continues to operation 206. At operation 206, the
publishing module 116 identifies any formulas contained
within the drawing 108 that reference external data. These
formulas are then converted to the server-optimized formulas
124.

From operation 206, the routine 200 continues to operation
208 where the publishing module 116 publishes the published
drawing 118 to the server computer 104. As discussed above,
the published drawing 118 includes the vector representation
120 of the drawing 108, the data connections and bindings
122, and the server-optimized formulas 124. In one 1mple-
mentation, the drawing 108 may also be published to the
server computer 104 1n a native format along with the pub-
lished drawing 118.

As discussed above, when the server computer 104
receives the published drawing 118, the published drawing
118 1s stored 1n an appropriate mass storage device. The
server computer 104 may then recetve and respond to
requests to view the published drawing 118, such as from the
web browser 126. The web server application 128 receives
and responds to such requests by executing the various sofit-
ware components described herein. If a new request 1s
received to view the published drawing 108, the routine 200
continues from operation 210 to operation 212.

At operation 212, the refresh component 130 obtains
updated values for the externally referenced data. For
instance, the refresh component 130 may utilize the data
connections and bindings 122 to obtain updated values from
the database 112. Once the refresh data has been obtained, the
routine 200 continues to operation 214. At operation 214, the
recalculation engine 132 1s executed and recalculates the
values for any attributes within the drawing 108 that are
connected to externally bound data. In particular, the recal-
culation engine 132 evaluates the server-optimized formulas
124 utilizing the updated data values obtained from the exter-
nal data sources by the refresh component 130.

Once the attributes have been updated, the routine 200
continues from operation 214 to operation 216, where the
rasterizer 134 rasterizes the published drawing 118 into a
raster image, the rasterized drawing 136, which may be stored
in a standard 1image format. Once the rasterized drawing 136
has been generated, the routine 200 continues to operation
218 where the rasterized drawing 136 1s returned to the web
browser 126 1n response to the original request to view the
published drawing 118. The web browser 126 receives the
rasterized drawing 136 at operation 220 and displays the
rasterized drawing 136. The routine 200 then continues from
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operation 220 to operation 222, where 1t ends. Additional
details regarding the structure and operation of the rasterizer
134 are provided below with respect to FIGS. 3 and 4.
Referring now to FIG. 3, additional details regarding a
soltware architecture utilized to implement the rasterizer 134
in one embodiment will be described. As shown in FIG. 3, the
rasterizer 134 comprises a vector graphic loader, a vector
graphic renderer, and a WINDOWS IMAGING COMPO-
NENT 308. In embodiments where the vector graphic 1s
formatted using X AML, the vector graphic loader 1s referred
to as the XAMUL loader 302 and the vector graphic renderer 1s
referred to as the XAML renderer 304. It should be appreci-
ated, however, that these components may be utilized with
vector graphics expressed using vector formats other than
XAML
The XAM loader 302 comprises a software component
that 1s operative to recerve the vector representation 120 of the
drawing 108 in XAML, and to generate an intermediate data
structure 310 from the vector representation 120. As dis-
cussed briefly above, the intermediate data structure 310 1s a
data structure that represents the component shapes within
the vector graphic. In one implementation, the intermediate
data structure 310 1s a visual tree data structure that contains
nodes for each shape or other drawing element 1n the drawing,
108. The visual tree 1s an internal data structure utilized by the
rasterizer 134 as an intermediate rendering of the vector rep-
resentation 120. According to other embodiments, other types
of data structures may be utilized for the intermediate data
structure 310, such as a graph or a stack data structure.
Once the intermediate data structure 310 has been gener-
ated, the XAML renderer 304 renders the intermediate data
structure 310 onto a render surface 306. In one implementa-
tion, the render surface 306 an uncompressed, unencoded

bitmap 1mage. Once the XAML renderer 304 has generated
the render surface 306, the render surtace 306 1s transmitted to

the WINDOWS IMAGING COMPONENT 308. The WIN-
DOWS IMAGING COMPONENT 308 1s a Component
Object Model-based imaging encoder-decoder (“‘codec™) for
working with and processing digital images and image meta-
data. It also allows applications, such as the rasterizer 134, to
obtain support of installed codecs for graphics file formats.
In the implementation illustrated 1in FIG. 3, the WIN-
DOWS IMAGING COMPONENT 308 1s utilized to encode
the render surface 306 to a raster image, such as the rasterized
drawing 136. It should be appreciated that the raster image
may be 1n a standard 1image format, such as the JPEG or PNG
formats, which can be displayed by a standard viewer appli-
cation program like the web browser 126 without the use of a
plug-in. An appropriate codec may be utilized by the WIN-
DOWS IMAGING COMPONENT to encode the render sur-

tace 306 to the desired format. It should also be appreciated
that while the WINDOWS IMAGING COMPONENT has
been illustrated and described herein as encoding the render
surface 306 to a raster image, other such components from
other manufacturers may be utilized similarly.

According to embodiments presented herein, the XAML
loader 302 and the XAML renderer 304 are configured for
multi-threaded and multi-processor execution on a server
computer. In order to enable this functionality, for 1nstance,
all memory allocated by these components may be managed
by a memory manager that 1s optimized for symmetric mul-
tiprocessing. High scalability 1s obtained in this manner by
allowing multiple threads to allocate memory. This provides
a significant performance boost over previous rasterization
systems that utilize GDI or GDI+.

Turning now to FI1G. 4, a routine 400 will be described that
illustrates the operation of the rasterizer 134 in one embodi-
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ment presented herein. The routine 400 begins at operation
402, where the XAML loader 302 recerves a vector graphic,
such as the vector representation 120 of the drawing 108.
From operation 402, the routine 400 continues to operation
404, where the XAML loader 302 generates the intermediate
data structure 310 1n the manner described above. Once the
intermediate data structure 310 has been generated, the rou-
tine 400 continues to operation 406, where the XAML loader
302 passes the intermediate data structure 310 to the X AML

renderer 304. The routine 400 then continues to operation
408.

At operation 408, the XAML renderer 304 recerves the
intermediate data structure 310 and renders the intermediate
data structure 310 to the render surface 306. Once the inter-
mediate data structure 310 has been rendered to the render

surface 306, the routine 400 continues to operation 410,
where the XAML renderer 304 passes the render surface 306

to the WINDOWS IMAGING COMPONENT 308, described
above. The WINDOWS IMAGING COMPONENT 308 then
encodes the render surface 306 to a raster 1mage, such as the

rasterized drawing 136, 1n a standard image format such as
JPEG or PNG, as described above. Once the WINDOWS

IMAGING COMPONENT completes 1ts operation, the rou-
tine 400 continues from operation 412 to operation 414,
where it ends.

FIG. 5 shows an illustrative computer architecture for a
computer 500 capable of executing the software components
described herein for rasterizing vector graphics on a server
computer 104 in the manner presented above. The computer
architecture shown 1n FIG. § 1llustrates a conventional desk-
top, laptop, or server computer and may be utilized to execute
the software components presented herein described as
executing on the client computer 102 or the server computer
104.

The computer architecture shown i FIG. 5 includes a
central processing unit 502 (“CPU™), a system memory 508,
including a random access memory 514 (“RAM™) and a read-
only memory (“ROM”) 516, and a system bus 504 that
couples the memory to the CPU 502. A basic mput/output
system containing the basic routines that help to transfer
information between elements within the computer 500, such
as during startup, 1s stored in the ROM 516. The computer 500
further includes a mass storage device 510 for storing an
operating system 518, application programs, and other pro-
gram modules, which are described in greater detail herein.

The mass storage device 510 1s connected to the CPU 502
through a mass storage controller (not shown) connected to
the bus 504. The mass storage device 510 and 1ts associated
computer-readable media provide non-volatile storage for the
computer 300. Although the description of computer-read-
able media contained herein refers to a mass storage device,
such as a hard disk or CD-ROM drive, 1t should be appreci-
ated by those skilled in the art that computer-readable media
can be any available computer storage media that can be
accessed by the computer 500.

By way of example, and not limitation, computer-readable
media may include volatile and non-volatile, removable and
non-removable media implemented in any method or tech-
nology for storage of information such as computer-readable
instructions, data structures, program modules or other data.
For example, computer-readable media includes, but i1s not
limited to, RAM, ROM, EPROM, EEPROM, flash memory
or other solid state memory technology, CD-ROM, digital
versatile disks (“DVD”), HD-DVD, BLU-RAY, or other opti-
cal storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or any other
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medium which can be used to store the desired information
and which can be accessed by the computer 500.

According to various embodiments, the computer 500 may
operate 1n a networked environment using logical connec-
tions to remote computers through a network such as the
network 520. The computer 500 may connect to the network
520 through a network interface unit 506 connected to the bus
504. It should be appreciated that the network interface unit
506 may also be utilized to connect to other types ol networks
and remote computer systems. The computer 500 may also
include an mput/output controller 512 for recerving and pro-
cessing input from a number of other devices, including a
keyboard, mouse, or electronic stylus (not shown in FIG. §).
Similarly, an input/output controller may provide output to a
display screen, a printer, or other type of output device (also
not shown in FIG. 5).

As mentioned brietly above, a number of program modules
and data files may be stored 1n the mass storage device 510
and RAM 514 of the computer 500, including an operating
system 518 suitable for controlling the operation of a net-
worked desktop, laptop, or server computer. The mass storage
device 510 and RAM 514 may also store one or more program
modules. In particular, where the computer architecture
shown 1 FIG. 5 1s utilized to embody the client computer
102, the mass storage device 510 and the RAM 514 may store
the drawing program 106 and the Web browser 126. Where
the computer architecture shown i FIG. 5§ 1s utilized to
embody the server computer 104, the mass storage device 510
may store the refresh component 130 and the recalculation
engine 132. The mass storage device 510 and the RAM 514
may also store other types of program modules not shown in
FIG. 5.

Based on the foregoing, 1t should be appreciated that tech-
nologies for rasterizing vector graphics on a server computer
are provided herein. Although the subject matter presented
herein has been described 1n language specific to computer
structural features, methodological acts, and computer read-
able media, 1t 1s to be understood that the invention defined in
the appended claims 1s not necessarily limited to the specific
teatures, acts, or media described herein. Rather, the specific

features, acts and mediums are disclosed as example forms of

implementing the claims.

The subject matter described above 1s provided by way of

illustration only and should not be construed as limiting.
Various modifications and changes may be made to the sub-
ject matter described herein without following the example
embodiments and applications illustrated and described, and
without departing from the true spirit and scope of the present
invention, which 1s set forth in the following claims.

What 1s claimed 1s:

1. A method for rasterizing a vector graphic formatted
using an extensible application markup language (XAML),
the method comprising:

generating an intermediate data structure comprising a

visual tree from the vector graphic by executing a
XAML loader configured to generate the intermediate
data structure from the vector graphic, the X AML loader
configured for multi-threaded and multi-processor
execution on a server computer;
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rendering the intermediate data structure to a render sur-
face comprising an uncompressed unencoded bitmap
image by executing a XAML renderer configured to
render the intermediate data structure to a render sur-
face, the XAML renderer configured for multi-threaded
and multi-processor execution on a server computer; and

encoding the render surface to a raster image in a standard
image format.

2. The method of claim 1, wherein the vector graphic
comprises a vector representation of a drawing and wherein
the raster image comprises a rasterized drawing.

3. A system {for rasterizing a vector graphic comprising a
vector representation of a drawing formatted using an exten-
sible application markup language (X AML), the system com-
prising a server computer configured to execute:

a XAML loader configured to receive the vector graphic
and to generate an intermediate data structure from the
vector graphic, the XAML loader configured for multi-
threaded and multi-processor execution on the server
computer;

a XAML renderer configured to receive the intermediate
data structure and to render the intermediate data struc-
ture to a render surface, the X AML renderer configured
for multi-threaded and multi-processor execution on the
server computer; and

an 1maging component configured to receive the render
surface and to encode the render surface to araster image
comprising a rasterized drawing.

4. The system of claim 3, wherein the intermediate data
structure comprises a visual tree and wherein the render sur-
face comprises an uncompressed unencoded bitmap 1mage.

5. The system of claim 4, wherein encoding the render
surface to a raster image comprises encoding the render sur-
face to a raster image 1n a standard 1image format.

6. A method for server-based rasterization of a vector rep-
resentation of a drawing formatted using an extensible appli-
cation markup language (XAML), the method comprising:

storing a published drawing at a server computer, the pub-
lished drawing comprising a vector representation of the
drawing;

recerving at the server computer a request to view the
published drawing; and

in response to the request, updating the vector representa-
tion of the drawing,

rasterizing the vector representation of the drawing by
executing a XAML loader configured to generate a
visual tree from the vector representation of the drawing,
the XAML, loader configured for multi-threaded and
multi-processor execution on the server computer,
executing a XAML renderer configured to render the
visual tree to a render surface comprising an uncom-
pressed unencoded bitmap image, the XAML renderer
configured for multi-threaded and multi-processor
execution on the server computer, and encoding the ren-
der surface to a rasterized drawing 1n a standard 1image
format, and

returning the rasterized drawing 1n response to the request
to view the published drawing.
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